Introduction
Liver cancer is the sixth most common cancer worldwide, and the third leading cause of cancer-related deaths. 1 Hepatocellular carcinoma (HCC) accounts for about 70%-90% of liver cancers 2 that have been diagnosed at an advanced stage at which curative strategies are no longer applicable. Sorafenib, approved by the US Food and Drug Administration in 2007, is the first-line treatment for patients with unresectable HCC. 3 However, as a small molecule Raf kinase and vascular endothelial growth factor receptor kinase inhibitor, sorafenib has limited survival benefits with low rates of submit your manuscript | www.dovepress.com
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Since 70%-90% of HCC develop with a background of chronic liver disease, the pathogenesis of HCC mainly involves inflammation. 6 Increasing evidence shows that markers related to systemic inflammation, including monocyteto-lymphocyte ratio (MLR), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and systemic inflammation response index (SIRI) are closely correlated with poor outcomes in different types of carcinomas. [7] [8] [9] [10] [11] Moreover, reports have shown that different types of systemic inflammation cells play distinct roles in prognosis. [12] [13] [14] [15] For example, a high lymphocyte-to-monocyte ratio (LMR) is associated with a good prognosis for advanced pancreatic cancer patients receiving palliative chemotherapy, 16 while, a high NLR predicts a poor prognosis for small-cell lung cancer. 17 However, most studies 28, 30, 40 have focused on the relationship between system inflammation cells and survival, which ignored the role of inflammatory markers in local and systematic therapy, especially in targeted therapy.
In the present study, a total of 142 patients with advanced HCC treated with sorafenib were enrolled to determine the optimal factor which correlated with survival by Cox regression model and log-rank test. Our data revealed that MLR had significant correlation with overall survival (OS) and progression free survival (PFS) and patients with a high MLR showed a poor prognosis. Our results suggest that MLR was a promising biomarker for predicting sorafenib response in advanced HCC patients.
Patients and methods Patients
A total of 142 patients from the Department of Integrative Oncology at Fudan University Shanghai Cancer Center between January 1, 2013 to December 31, 2017, enrolled in this retrospective study. Informed written consent was obtained from all individual participants. For some patients, HCC can be diagnosed by noninvasive examinations, including an alpha-fetoprotein (AFP) test and the three phase contrast-enhanced computed tomography (CT) or Magnetic Resonance Imaging (MRI). But an pathological confirmation is always required in our study. All medical records, including age, gender, HBV infection state, grade, AFP level, blood cell counts, liver function tests and state of portal vein tumor thrombus, were collected with written informed consent of the enrolled patients. Barcelona Clinic Liver Cancer (BCLC) staging system was used to define grade. State of portal vein tumor thrombus was based on the imaging examinations, including ultrasound, computed tomography or MRI.
Treatment and evaluation
The inclusion criteria for sorafenib treatment: patients aged 18 years and above were deemed eligible for study; patients who had a life expectancy of at least 4 weeks; patients who had an Eastern Co-operative Oncology Group (ECOG) Performance Status of 0 or 1; patients with advanced HCC (unresectable and/or metastatic) which had been histologically documented; patients had to have at least one tumor lesion that could accurately be measured in at least one dimension according to Response Evaluation Criteria in Solid Tumors (RECIST); patients who had not been previously treated with system therapy; patients who had received local therapy, including radiation therapy, and radiofrequency ablation were eligible. Previously treated lesions were not selected as target lesions. Local therapy had to have been completed at least 4 weeks prior to the baseline scan. 18 A dose of 400 mg sorafenib was orally administered twice a day with or without regular transcatheter arterial chemoembolization therapy. Dose reduction was executed according to the appearance of toxicity. If one of the following situations occurred, a dose adjustment (400 mg once daily) was required until the adverse effects (AEs) were alleviated or eliminated. The situations include gastrointestinal toxicity, hypertension, grade 3/4 hematological toxicity, skin toxicity and hepatic dysfunction defined by the National Cancer Institute's Common Terminology Criteria for Adverse Events (NCI-CTCAE). 19 If grade 3/4 AEs still existed after dose adjustment, sorafenib treatment was halted until the AEs were alleviated or completely stopped.
Follow-up contrast-enhanced computed tomography or MRI was performed every 8 weeks after sorafenib treatment to assess tumor response and to guide timely decision-making for subsequent therapies. Tumor response was assessed according to the modified RECIST, 20, 21 and were classified into four categories; complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). Once PD occurs, other system or local therapies, such as radiation therapy, radiofrequency ablation will have to be adapted. The definition of PFS was calculated from the date of first sorafenib treatment to the date of PD. OS was calculated for all patients from the date of first sorafenib treatment until their death or the last follow-up. The aim of using receiver operating characteristic (ROC) curve was to find out the best cut-off value for MLR in order to screen patients who responded well to treatment with sorafenib. The corresponding value at the maximum sensitivity and specificity was defined as the optimal cut-off point. Independent-samples t-test was performed to analyze the difference in liver function, age, neutrophil count, monocyte count, lymphocyte count, blood platelet count, NLR, PLR and SIRI with two groups of enrolled patients stratified by MLR. The Chi-squared test was used to analyze two groups with different grade, gender, AFP level and other clinical features. To clarify the prognostic factors of survival, a Cox regression model was applied to identify the best predictor variables using univariate and multivariate analysis. The predictors were estimated with relative risk and 95% CI in the regression model. The Log-rank test was used for comparing the OS and PFS difference between high MLR and low MLR groups. The statistical significance was P,0.05 with two-sided. All statistical analyses were performed with SPSS version 19.0 software (IBM Corporation, Armonk, NY, USA).
Ethical approval
This study was approved by the ethics committee of Fudan University Shanghai Cancer Center. All procedures performed in this study involving human participants were in accordance with the ethical standards of our institutional research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Results
Baseline patient characteristics
A total of 142 patients, including 115 males and 27 females, were enrolled in this study. As shown in Table 1 , the mean 
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Zhu et al age at the time of sorafenib treatment was 54.29 years, ranging from 24-86 years. The calculation of SIRI had been reported. 41 The ROC curve was performed to analyze NLR, MLR, PLR and SIRI to determine the best biomarker and cutoff point (data not show). The AUC of MLR and SIRI were the only two parameters whose value was above 0.6 (0.6918 and 0.6859 respectively) ( Figure 1A and B). With the Yourdon's index, the optimal cut-off points of MLR and SIRI were 0.35 and 0.95. There was no significant difference comparing MLR at baseline and the progression time ( Figure 1C ). SIRI at baseline showed significant differences with SIRI at the progression time (data not shown).
In consideration of the influence of liver function on sorafenib response, the t-test was used to analyze the differences between high MLR and low MLR groups. Results have shown that no differences were found when comparing liver function parameters in two groups ( Figure 2 ).
The patients were divided into two groups according to the cutoff of MLR value for evaluating the association between MLR and clinical characteristics. There were significant differences in the parameters of monocyte count (P=0.0001), lymphocyte count (P=0.0001), platelet count (P=0.0026), NLR (P=0.0411), PLR (P=0.03) and SIRI (P=0.0001). In the comparison of other clinical features between two groups, including age, gender, hepatitis B, grade, AFP and PVTT, we found no significant differences (Table 1) .
Mlr could be a prognostic factor
As indicated above, MLR and SIRI have the potential to be the serum biomarkers. To make sure that both MRL and SIRI had the capacity to predict sorafenib responses in HCC patients, survival analysis, including the Cox regression model and log-rank tests were performed. Table 2) .
To identify the biomarkers for predicting sorafenib response, OS was the first end point event and PFS was the second end point event. The same survival analysis was performed to ascertain the prognostic power of MLR. As shown in Table 3 , there was a significant correlation between PFS and grade (P=0.045), AFP (P=0.016), MLR (P=0.019) and TBIL (P=0.031) by univariate Cox regression analysis. In a multivariate Cox regression model, MLR was found to be an independent prognostic factor for PFS (HR: 0.457, 95% CI: 0.308-0.678, P=0.0001).
Patients with high Mlr had a poor response to sorafenib
According to the results obtained using the Cox regression model, grade, AFP, MLR and AST had correlations with OS, while only MLR showed a significant correlation with PFS. Therefore, the log-rank test was performed to illustrate Figure 1 The ROC curve was performed to test the specificity and sensitivity of MLR and SIRI in HCC patients. MLR and SIRI at baseline, along with the progression time, were analyzed by independent-samples t-test. Notes: (A) ROC curve of MLR. The area under the curve was 0.6918. The sensitivity and specificity were 55.6% and 77.8%, respectively. (B) rOc curve of siri. The area under the curve was 0.6859. The sensitivity and specificity were 65.3% and 72.2%, respectively. (C) Mlr at baseline and the progression time were compared by t-test. Abbreviations: aUc, area under the curve; hcc, hepatocellular cancer; Mlr, monocyte to lymphocyte ratio; rOc, receiver operating characteristic; siri, systemic inflammation response index.
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role of Mlr in predicting sorafenib response in hcc the OS difference between low MLR and high MLR. Meanwhile, the same test was used to analyze different grades, AFP levels and AST levels. As shown in Figure 3A , the median OS was 12.20 months in the BCLC B group, and 9.385 months in the BCLC C group (HR:0.6612, 95% CI: 0.4581-0.9544). In addition, a significantly longer OS was observed in the BCLC B group than in the BCLC C group. As with the MLR value, the median OS in the low and high MLR groups was 12.90 and 8.20 months respectively (HR: 0.43, 95% CI: 0.2939-0.6292, Figure 3B) . Patients who had a low AFP value had a higher median OS than those with a high AFP value, 14.20 and 7.765 months respectively (HR: 0.4716, 95% CI: 0.3240-0.6864, Figure 3C ). Among the patients who were evaluated for AST levels, the median OS was 12.40 months in the low AST group and 6.50 months in the group with high AST value (HR: 0.5079, 95% CI: 0.3371-0.7652, Figure 3D) .
The difference in PFS between the low MLR and high MLR groups was also tested by log-rank analysis. As shown in Figure 4A , the median progression free survival was 7.0 months in the BCLC B group and 4.6 months in the BCLC C group (HR: 0.7914, 95% CI: 0.5328-1.176). As with the MLR value, the median PFS in the low and high MLR groups was 7.9 and 4.0 months respectively (HR: 0.4521, 95% CI: 0.3030-0.6745, Figure 4B ). In addition, significantly longer PFS was observed in the low MLR group than in the high MLR group (P=0.0001). Among the patients who were evaluated for AFP levels, the median PFS was 7.0 months in the low AFP group and 4.6 months in the group with high AFP value (HR: 0.6697, 95% CI: 0.4525-0.9912, Figure 4C) . Patients who had low AST value had a higher median PFS than those with a high AST value, 6.3 months and 4.85 months, respectively (HR: 0.5882, 95% CI: 0.3784-0.9142, Figure 4D ).
Discussion
Inflammation is a well-known hallmark of cancer and is substantially attributed to the development and progression of malignancies. 22 In established cancers, local immune response and systemic inflammation play important roles in disease progression and patient survival. 23, 24 A novel inflammatory biomarker, LMR, has been suggested as a promising predicative biomarker for the prognosis of many solid tumors, [25] [26] [27] including HCC. [28] [29] [30] In our study, the Sorafenib could inhibit the proliferation and angiogenesis of tumor cells by targeting the serine threonine kinases Raf-1 and B-Raf and the receptor tyrosine kinase activity of VEGF receptors and PDGF. 32 Recent studies showed that sorafenib treatment increased the number of CD4 + CD25 + regulatory T cells, 33 leading to immunosuppression. 34, 35 Circulating monocytes are recruited to the tumor stroma and differentiate into tumor-associated macrophages.
These macrophages are a major component of the tumor microenvironment and can interact with cancer cells to enhance tumor progression by producing various cytokines and chemokines. 36, 37 For the management of patients with advanced HCC, sorafenib is recommended as a category one option for selected patients with Child-Pugh class A liver function and as a category 2A option for selected patients with Child-Pugh class B liver function. Clinical trials suggested that the Child-Pugh status is a strong predictor of OS of patients with advanced HCC who are treated with sorafenib. 38, 39 Our results suggested that the median OS and PFS were longer in patients with a low AST level than in those with a high AST level ( Figures 3D and 4D) . Moreover, our results demonstrated that patients with MLR .0.35 had significantly shorter OS and PFS than those with MLR #0.35. Thus, MLR and AST have considerable potential as stratification factors in patients with HCC who are receiving sorafenib treatment.
Despite our important findings, there were some limitations to the present study. Although our hypotheses were supported statistically, the cases were collected from one treatment center. Future studies should, therefore, include patients from multiple centers to evaluate whether MLR is retained to predict sorafenib response and correlate with prognosis.
Conclusion
MLR can predict sorafenib responses in patients with advanced HCC and a relatively high MLR is correlated with a poor prognosis. Progression free survival (months) Percent survival 30 40
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